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ABSTRACT
PV p o w e r  srpplicrrtions rrre currently concentrated in

intermediate or residential si~.c for L]tility-interactive or small
s t o n c f - a l o n e  mocfcs of opcmtion. Conscqllcntly,  lhe
dcvclopmcnt  of low cost , highly cfficicnt and reliable pmvcr
conditioning subsystems (l)CS) in the small to medium power
range is critical for the viability of PV syslcms rrs an altcrnalivc
energy source.

The paper sunmarit,cs  current dircc[ions  and dcvclopmcnt
effor ts  in  photovol[oic  I)CS dcsig,ns  and dcvclrrpmcnt.  1 I
presents ncw oppm(Llnitics  arising from incrcascd  availability
and capabilities of scn]iconductcrr’ switching components sLIch
as smart power dcviccs and power integrated circuits (1’lCS).
It also dcscribcs  cfcvclopmmal  cfforls  of manufac[urcrs  of
these crmponcnts  for various applications and evaluates [heir
synergis t ic  impacts  that will assisl i n  rcquircci PCS
dcvclopmcnt  and will accclcmtc  PV power applications. It is
found that the usc of these Icchno]c)gics in fut u rc 1’(3 clmigns
offers significant promise of improved PCS rcliabiii[y, cost and
pcrformancc,  tbcrcby  making WAC power more compcti(ivc
with utility power. The concept of an AC photovo]trric module
can bc implcmcntcd  with current technology,

RACKGROUND
In order to bccomc  a significant component of the

nation’s energy mix, photovoltaic  (W) prwcr systems have to
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expand their application niches and become sources of
reliable and affordable power. To that end, efforts have
beer) underway to improve the performance of arrays and
the Balance-of-Power (E\OS). The Power Conditioning
Subsystem (PCS) being a key subsystem has seen
development efforts for many years to achieve this goal. It
is anticipated that continuing development activities with
new design techniques and new devices will result in
imploved performance that will ultimately make PV system
competitive with conventional sources of energy and be
accepted by the utility. A dedicated partnership of the U.S.
Department of Energy Headquarters (DOE/HQ) PV
program, Sarrdia  National Laboratories (SNL) Photovoltaic
Syslems Applicatic]rrs  Department, and Jet Propulsion
Laboratory (JPL) technology devotees and technical
marlagement  shares  this upbeat anticipation.

N(:w technology component developments such as Smart
Power/Power Integrated Circuits (SP/PIC) devices have the
potential to prociuce a new industrial revolution in power
electronics hardware. Initial evaluations find them adaptable
toward improving hardware performance and lowering costs
for future PV applications.

SMART POWER TECHNOLOGY DEVELOPMENT
S]]~arl  l’owcr (S1’) concept refers to integration of power,

control, protm[ion and sensing functions into onc package.
The term power intcp,ratcd circuit (1’IC) implies a monolithic
structure capab]c of performing potvcr switching and control
fun(’liol]s.  ]11 powc!  hybrids, individu:ll  ]’ICS have a CO1llIIIOII
Strll CIUIC o])(1  arc  p3ck[I&I,cd ill10 a Sil)glC 1)1 OdUIC. Thc  tCrlll
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I’owcr Management and I)is!ribLllion (J’MAI))  implies bow
p o w e r  control  and  swil  thing fund ions connccl lhc jxwwr
srmrcc 10 the user loads. Ilolh marl power and PIG arc LIscd

inlcrcharrgcab]y  somclimcs.  A]lhoLlgh  al] Icrms and c[mcxpls
have not  been fLlily slandardimci  yet and  somclimcs  there’ is

lack of unanimity in usage of terms, lhcrc  is li[[lc doubt atJOul
t h e  abili[y o f  smar[ pcswcr tcchnolo~v i n  p r o v i d i n g
improvements in pcrformancc,  volamc,  wciglli, rcliabili[y :ind
life (Mwka  Ct al, 19941), (~LlklWk~  et al, 1994 b).

S t e p s  involvcct in the itllplclllclltalioll  c)f srnarl p o w e r
tcchnrr]ogy include: selection of switching devices, analog and
digital signal processing, Icvcl shifling a n d  si~,nal isol:ltim,
current and tcmpcraturc sensing, rrb!aining chip size map,nctics
and capacitnnccs,  power IC monolithic circLlitry, hybrid
packaging, usc of novc] COlldLICIOr,  a n d  mc’chanica]  a n d

thermal StrLIC~UrCS.  ‘1’hcrcforc, 10 ulilizc polcnlial  benefits of
smart power tcchnoloby, it is impcralivc  Ibal lhcsc  challenges
arc addressed for fL}]l range of applications rcqLliring  ma]] [o
large power and spccificcl control fLlnctions.  l’hc present
ccrnccrn of incrcascd  cost associated wi[h PIC illlJJlclllclltaticJ1l
will gractLlally  clisappcar as the vol Llnlc of pl-odLlc[ion incrcascs.

The ncw and rcvo]u[icmary  cxlcnsion 10 the ]’]C is the
“marl” nlodLl]c. ]1 performs intcgmlcd  drive functions and
p r o t e c t i v e  fanc[ions  sLtch as shorl  cirCLli[  prolcclion,  o v e r
c u r r e n t  pro[ccticsn, unclcr voltag,c lockoLll a n d  o v e r
tcnlpcra[Llrc protection, I’owcr and cent ml func[ions, wi[h
ample vo]tagc  isolation, a r c  i n t e g r a t e d  u,i[hin lhc  s:Inlc

nlOdLllC.

DOE  interest in this [ccbnology goes back some 6-7 years.
DOE,  JI)I,  ancl SN1. staged the first workshop cm SP/PIC(2)
at GrlLccb in Pasac]cna, Cal i fornia ,  and follou, cd up by
sponsoring the second onc in 1993(3) at the same location.
QLlitC  a fCW lCSsOnS bWC b e e n  ]C:lrJICd ~bollt  S}”s pOwcrfLll
polcntial  in resolving R(JS problems in I)V. l’hLIs,  IJOE  is
l o o k i n g  to SP/PIC a s  a  long rafgc, ad~wnccd  lt&I>
commitment, and is cxpcc[in:  it to bc the corncrs[onc  to
fLltLlrc, long r a n g e  I’CS k~]). The  U][imalc g,oa] woLl]d bc
that small bLIl aggressive indLlslry rccogni~,cs and cmbraccs  this
technology into its fLlturc bardwarc  cvoILltion.  Some already
arc doing so.

In orclcr for 1’CS rcliabili[y to improve, I)oll is a[[cmp[ing
10 attract  the at!cntion  and consiclcra[ion of this “new breed”
of PIC n\anufact  Llrcrs that currently caters 10 the Iargc-scale
user. There is ccmsidcrablc  acI itrit y in S1’/1’1 C dcvclopmmt  in
the U.S.A., and i[ is liiicly th:l[ the COSIS of Ihc (icviccs will
come down significantly. Applications in [hc :tLiton~(l[i\’c
indLlslry and ac motor control could bccomc  significant
morkcts  for S1’/1’1C, nn(i tbc rcsLll(ing  componcnlry  coLlld bc
ad:lptcd  for 1’V applications hardwar’c sLtch as I’CSS,  chal gc
con[rol!crs  and sys[cm contrt~llcrs

DOE MOTIVATION
lX)E motivation in cLlrrL’11[ research and dcvclopmcn[  of

I’CS for photovol[aic  power sys[cms inclLldcs tbc followin~,
c~~nsidcfilt  ions:
●  Currml P C S  d e s i g n s  u s c  Iar:,c numt)cr  of’ discrctc
components affecting reli:lbilily and ]wrform:lncc. CL[rrcnl Iy,

I’CS uft”icicnq dots not mcc[ I) OF, ~oals.
● Ncw dcvims and technology presently available and
cmcli, ing (SP/1’lC,  }’owcr P o l e ,  ASIC, hfC1’, e t c . )  w i l l
in)pl-{wc  both rcliallilily ancl p e r f o r m a n c e .

. A(’ l’V-mod  LIlcs (v:i[h  a s m a l l  IX-AC invcr[cr  on to  the
b:ic!i of a slaltd:]rd l’\7-nIOdUlC like a slandarcj 120V, 60 }17.
A C  (lLltpLlt and uli]ily inlcraclion)  will rcvo]Lltioniz.c  P V
irldLls[ ry.

SMART POWER IN PV APPLICATIONS
Olllcr  than clcvclry,mcnt of rnorc compact, large (nlulti-

kilrnvl[t),  ul~imatcly chcapcr  and more reliable PCUS for all
powr lCVCI.S,  the :idvmt of “smart power” has rc-surfaced the
old ( onccpt of the “ac photrrvollaic module.” Work is
prop[)scd or cLlrrcntly  under way in several DOE  programs
(S]31 1<, PV-Bonus, PVMaT)  to develop and build on the
conc,pt  of the ac PV moclLIlc.  The brrsic idea is 10 inlcgratc
a sm:lll Lltility-il~lcr:lc[i\’c dc to ac invcrlcr  on[o the back of a
s[and;trci PV n~o(iLllc,  so ti]a[ the nlod Ll]c output is s[andard
~2(h’, 60}]7. ac CLII’ICI)[

A l)~ajor  focL!s in the (icvc]oprncnt of an ac I’V nlodLl]c is to
jncolporatc  conccpls,  sLich as high lCVCIS  of integration via
application specific intcg,ratcd circ Llits (A SIC S), “smart power”
c(c~iccs, clcsigns Llti!ti.illg rcdLlccd  compcmcnt  count and variety,
that accomn”lmiatc aLltonullcd asscnlbly a n d  i n c o r p o r a t e
“smarl”  control and di:gnos[ics  for manufac~uring and field
scn’i:c.  q’hc ac nlodLl]c O f f e r s  t h e  ll]tinlatc  in Sinlp]icity,
sys~~~n lnocl Lll:lrity and flcxibi]ily (Kra L!tbanlcr ct a] ,  ]9S7),
(Kra.lthamcr  ct al, 1993a), and (Kmuthamcr  ct al, 1993b).

l“hc basic bLlil[iing  block, a single (50 watt to 300 wat[ size)
Ino(iLl]c Ivit]l ac OLltpLlt rCqLlirC~ n o  additiOlla] CICClriCal dc
l\OS cqLlipnlcnt :in[i is appropriate for Llsc in vir[ually all
Lltililj’-illtcr:ic[  i\’c ]h~ applications. The ac nlodLl]c rcduccs
systcm com}]lcxi[y  a n d  lhc nccci f o r  cLls[onli7.cd  systcm
cnginccring,  climina~cs dc componcntry  and Iviring (cnhanccd
safc[y by elimination of hi~h voltage de), lowers overall systcm
COS[  (mass pl odL]clion, rcd Llccd BOS componcnl  count), and
cnil;nccs  rcli:ibiiity (“smarl” circLlitry, rcdLlndancy). The ac I)V
nlod~[lc  cicsign improms  1’V sys[cm tkxibility  and incrcascs  PV
utili/.ation wilh in(ii\’i(iLlal nlodLl]c m a x i m u m  p o w e r  pOillt
lrac}:in:  which is a fLlndanlcnta] advantage  in  bLiilding
applications.

SMART POWER AVAILABILITY
l;or  application 10 Ihc large, indiviciual  invcr[crs, t h e

dev~lopmcn[  of SI’/l)l  Cs has  been in  a  dyn:imic plmc.
Crmlpanics  arc sl:[rling 10 cicvclop pro(iucls  that will continue
to SCII year after yc:tr, to rccmrcr their investment and to
develop ncw prodLlcts that arc the rcsLllt  of pLlrC  and applied
rcsr:lrch.  In [hr  lmt fcw years there hos been a virlaal
rc\’ol Lltion ill avail ;lblc ncw “smart power” cicviccs. l’hcsc
S]’/ I’ICS cncomp:lss a broa(i mngc of dcviccs, performing
fLlnI [ ions such as drilwl-s, aCi/[ic convcrtcrs,  power sapplics,
sensors and imc[  lcrs. Man)’ of  these  Of f-lhc-sbclr,
commcrci:llly avail: il)lc [it\’ices arc applicable to PV I’CS
applic:i[ ions.

A n  CKimplc of such a ticvicc, m:]nufacl Llrcd by several
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comprrnics,  is t hc rlc 10 ac invcrl  cr. T h e  Jnodlllcs  hwc been

designed prirmrily for ac motor spccci control applications and
frequency chnngcrs. The modules arc avail:lblc in applications

for single-pkrsc and Ihrcc-phase opcra[ions  Single-phase
modules arc available in power ratings up to 30 kW and 7.5
kW for three-phase applications. Swi[ching  frcqucncics  arc Llp
1020 k}~z and vol[ogc ratings arc up to 1200 vdc. Usc of 3
power poles allow power ratings up to 90 kW in three-plmsc
configurations. Sornc of these mcrdulcs arc shown pictorially
in Figure 1 and a power pole is shown in an inlcrnal  block
diagram in Figure 2.
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FIGURE 1. SP/PIC MODULES SUl”l_ABLE  FOR PV
APPLICATIONS

The mocfulcs shown can bc incorporated in a PV power
conditioner by the inclusion of an outpLlt transformer, filler,
switchgcar  and control clcclronics,  with the rcsuhant  powcI”
condi[ioncr  able to perform all the ncccssary  functions for a
PV application. This will permit the power condirioncr
manufacturer or lhc PV systcm  fzzbrica[or to bLlild units with
gcnera!ly  standard, commercially available SP/PIC  modules.
Functions such as anti-islanding,  maximum and power point
t racking  and  ac intcrfacc  can now be  handled wi th
microprocessors and ASICS, In the final analysis, wc expect to
scc krrge-scale, incxpcnsivc, generic, off-the-shelf, SP/PICs  that
effectively contrihutc  to the PV balance of systcm.

]ndLlsIry  has the prospect now for developing PV I’CUS with
the follou’irlg required modu]c capabili[ics:

Vollagc:  1200V max., 6V min.
CLlrrcnt: 600A nmx.,12A min.

Power:  501iW max., lW min.

Tcmpcral  urc: Standard commercial
environments

This roting range covers an ample spectrum for today’s
practical and typical applimtions,  in both, mul[i-kilowa[t  and
nc modu]e  ransc, If prices arc to bccornc  reasonable and
compc[i[ivc 1~~~/indLlslry  must bc more intensely involved
with the module manufacturers, who supported both
workshops) and guide in the promotion of generic, “smart, ” off-
the-shrif modLllcs. r)o~ engaged in successful and
cncoulaging  dialcrfyrc with the module and hardware
manLlf:lcturcrs and anticipate further cooperation.
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FIGURE 2. lNl”ERNAL BLOCK DIAGRAM SHOWING A
POWER POLE

1101; SLIPPO1”[  and promotion for this promising and
rcvolLltionary hi-tccll go \vcIl beyond the SOIC PV application.
3’hc pursLlit for generic, universal-application dcvclopmcnt  has
forgcci alliances with the lntm--Agcncy Power Group (IAPG),
DOD, NASA, U.S. Navy and EPRI.  Finally, in this “smart
powc]” endeavor, the succcss will bc measured in the Iargc
s c a l e  p r o d  Llction of SP/PIC photovoltaic  invcrlcrs  a n d
associ:ltcd power electronic modules.

MARKET PROJECTIONS
Thcl c arc now two basic scenarios that PV PCSS can follow

to colnnlcrcio!iza tion: indi\’idLlal, krrgc “smart” i,wcr[crs  that
take [IIC output  of the cn[irc  array, or rnultiplc (distributed)
small invcrtcrs  each clf which converts the output of onc
individual mod Lllc to ac power. Using industry rnmict
projec t ions ,  the  fomlcr approach (invcrtcrs  in the n]ulti-

kilowwlt  range)  r-mulls  in a total markcl  for sLlch invcrtcrs



mcasurd in thousands tc) low tc]ls-l~f-tl)ousall<ls of units, in
the year 2010.  The latter  approach, using ac mo(iulcs, rCSU]lS

in a po[cntial  nmrkct si~.c of many hundreds of thousands of
units, at least an crrdcr of rnagniludc  Iorgcr. The compmi son
is based on irrciustry rnarkct projections (Krau[hamcr,  1993)
and (Smith, 19S8).

Progress within the DOE  programs is very promising with a
prototype (in the PV-Ilonus program) 250 Wat[ unit showing
fLlll load efficiency of over 95%. SDIR and I’Vh4aT  arc
currently proposing innovative approaches. T h e  LJOE
pro[otypcs  also arc designed to have \.cry low no-load IOSSCS,
as these dominate the year-avcrag,c energy convc] siorr
efficiency.

SMART POWER/POWER INTEGRATION
There will bc a revolutionary impac[  of using smar-L power

on how DOS comporrcnts  arc mrrnufac~urcd  and integrated
into PV systems. As a result, the market \vill cxpcricncc  the
following advantages:

Q Commercial PV parrcls
. Small dis[ributcd  PV systems
● High reliability and low nmintcnance  COSL
● Expansion of PV sys[cms possible a[ any incrcmcnt  of

incrcascd  power rcqLiircn~cn[
● Rcduccd  hand labor in n]an  L! fac!uring

● Por[ab]c  PV low power systems.

I.ow-power photovoltaic  sys[cm can usc hybridiz.cd power
conditioning sys[cm in[cgra[crt wi[h sm:tr[ power module on
the panel itself for ci[hcr  AC or DC output. As ChCOp
photovoltaic  systcm market expands w,orld-wide, the usc of
smart pmvcr convcrlcrs  v,ill also pr~olifcralc.

A S smart power Icchnolocgy matures znd its ra[ings incrcasc,
the rnarkct  of its applications will expand. Prcscnt]y, smar[
power lcchnolog  fin(is appiica{ions in ciccirical  appliances,
illslrtlnlcll[:lt  ion, brushicss  I)C molors,  s tepper  nlolOr S, flat
panel displays, au{omatic ICS[ cqLlipnlcmt,  ovionics, prin[crs,
security systems, automobi]cs a n d tclccollllll~lll ic:ltiolls.
}Iowcvcr, tcrrcstriai,  space, military and aircraft power systems
Wi]] find incrcasinfg usc of this trrhno]ogy  as it nlatLlrcs and its
voltage and current ratings incrcasc.  l-his  expanding market
and syncrgismwiil  qLlickiy inciLldc pi]otovol[oic  systems, ba[tcT
cimrgcrs, AC motor drives, robots, tJPS and invcr[crs.

AC PANEL - AN OPPORTUNITY FOR PV SYSTEMS
Ac panci  dcvciopmcnt  a n d  C[>llllllcrciaifl.:itioll  wili g,rca(]y

rrssist in iargc  scale penetration of PV SysIcms in utility-grade
power prodLlction. The KU wili bc a sm:tr’1 power modu]c.
The manufacture of I’CUS  wili require rcciuccxi hand kibor
rcsuhirrg in rC(iLICcd cos t  comporcci  to PCUS  wilh (iiscrc[c
components. The selling price of AC pancis  will bc low. As
a rLXLJ]t,  ncw markets Will open up. l’crformancc  anti
rciiabiiity  of I’CUsurili improve, rcsultirrg  in rcducc(i dowlltinlc
and SJIHlllCr  ]OSS of rm’cnuc  dLlc 10 rcciuccci  m a i n t e n a n c e .

~xlcnsivc cfforls  t o  dcvc]op AC pa JIL’k a r c  cLlrrcnl]y
un(icrway  in Jnany coun[rics. Europca n m:lnufact  u rcrs of AC

panc]s  cxhibitcc] ti)cir produc[s  at the First World Confcrcncc
in }Iawaii in Dcccmi)cr  1994 . Atlcndccs  and exhibitors
si]owcci tremendous in[crcs[ in smart power icchnology. Their
rcsp(, nsc to IX)] l/JI’I. paper on Smart Power anti F.uropcan
AC l’anti Acli\itics ~vas unusually positive. Hopefully, the
1)01 /PV task at J}’]. to assess, monilor  and prornotc  smarl
power nctivitics wili prrwi(ic nccdcd  impetus.

EFFORTS REQUIRED TO DEVELOP SMART POWER
TECHNOLOGY  ANLJ AC PANELS
If PV power syslcms have to reach a stage where utilities and

users consicicr lhcm seriously as a source of higi]iy cfficicnl
and reliable Imwcr, [i)c LISC  of smart power tcchnoio~  is
absolutc]y crit icai. For’ distributed I’V power on a large scale,
~hc c~l]ll]~lcrci:ilizatio~~  of PV pane] is also critical. As a rcsuh,  ‘
there is an immediate ncc{i to address tile following tasks:

. C’ontin  Llation of fundin: of smart power workshops. As in
tile ]mst, the opportunity to present and disseminate rcsLdts,
and identify ncc(is and concerns in these forumswiil  accelerate
the L (J]lll~lcrci:ili~.ation of PV power.

● C’Llrrcnt international (icvclopmcnts  of I’V related smart
pow(r’ hardvwrc  n,Llst bc identified.

. Smar[ power 111 OdLll  C manufac[urcrs  have to bc surveyed
and data on their pro(i Llcts and scrviccs have to bc compiled.

● ‘1’here has to bc a technology transfer of accumulated
ciatalmsc to ~’v power condi[ioncr  and syslcJm manufacturers.

● (io\~crnnlcnt-i nciLlstry jointly fLlndCd dcvclopmcnt
opp(lrt L]nitics  have to bc icicntificd for I’V PCS developments.

COtJCLUSIONS
Da\cd  OJI cLlrrcnt statLls and fLltUrC  research and dcvclopmcnt

cffor Ls prcstmtcd  in this paper, the foliov.,ing  conclusions can
bc su mmariz.cd
1. S!narl power LIs:Igc in higi~ volLImc  production of PV PCS
and conlpoJlcnls offers ncw opporl LJnitics  in the expansion of

photovo]taics  as a rciiai]lc, cfficicn[, fail-safe and user fricnd}y
]lOW~r  SOLIJ’CC.

2. AC PV-panels coJIccpL  provides potcntiai  opportLlnily for
larg,c scaic pcnclra[ion  of I)hotovollaic  power systems in energy
}X’OdLIC[jOll  jl”l  [hC Us.

3, I)OE and otbcr  govcrnJncnt-indLls[ry par tnerships  and
final icial assis[ancc  aJc nccdcd  to dircc[ cfforls  required to
capttlrc  all available [cchnological  acivanccs in order  to
comjncrcia]izc  J’V power systems oJl a large scale.
4. l’rcscntly  available g,ovcrnmcnt  programs nlLlst continLlc
and, if possib]c, expanded.
5. Information ciissrminalion  process in terms of organizing
workshops, pLlb]icalions, indLls[ry nlonitoring  and hardware
cvai~lation will accc]cratc  the rate of rcaliz.ation of DOE  goals.

ACKNOWLEDGEMENTS
TIIC work (icscribcci in the paper was performed by the Jet

I’ro] ,ulsion I.aboratory, California InstitLltc of Tcci~nology,
L\nd~’r  Contract wilil the National Acromrutics and Space
Adllli]lislr:lli[~l~.



*,

REFERENCES
Bulawka, A., Krauthamcr,  S., and Das, R, 1994, “U.S.

Department of Energy Directions in ]’hotovoltaic  Pcwwr
C o n d i t i o n e r  Dcvclopmcnt  Using Smart P o w e r / P o w e r
lntcgratcd Circuit Tcchnologics,”  First World Crmfcrcncc~~
Photovoltaic  Enerjw Conversion, Waikaloa,  Hawaii.

llulawka,  A., Krauthstmcr,  S., Das, R., and Bower, W., 1994,
“PhotovoltaicPowcrC onditioncrs:  Dcvclopmcnt  Evolution and
the Next Generation,” If3CEC, Monterey, CA.

Krauthamcr,  S., Bulawkri, A., and Das, R., Workshop Co-
Chairmcn,  M a y  2 0 ,  1987, Procccxlings  qf t h e  SIUU
Power/Power lntc~ratcd  Circuit Works~~,  hcl(i at California
lnstitutc of Technology, Pasadena, CA.

Krautharncr,  S., Itulawka, A., and Das, R., Workshop Co-
Chairrnen,  Dec. 8-9, 1993, Proceedings of. the Sccmq
Workshop on Snlart p o w e r / P o w g _  lntccr:~ted  CirclfiS
Tcchnolow and Applications, held at (klirornia Institute of
Technology, Pasadena, CA.

Krauthamcr,  S., Das, R., Dulawlia,  A., and IIowcr, W., Dec.
8-9, 1993 “Impac[ of I’owcr ]ntcgrat  cd Circuit Tcchno]ogy on
High Pcrformancc  Power Conditioners,” fio~~cclinm  ofmg
Second Workshop on Smart Power/Prm!cr ]ntcykratcd Circuit>
Technolo .cw and Applications, held at Caltcch,  Pasadena, CA.

Smith, M. W., edited, 1988,  “Smart Power  Economics,
TcchnoloW, and Applications,” lntcrtcch Cmnmunicationslnc.

<,


